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Sprinson  and  Rittenberg  (1)  have reported  on the rate  of excretion  of N ~5 
after feeding N~5-1abeled  glycine in man. White and Parson  (2) have reported 
similar experiments with N*5-1abeled  glycine and dried yeast. From the rate of 
N ~5 excretion  it is possible  to calculate  the rate  of N  deposition in the body, 
presumably for protein  synthesis. 
The  present  paper  reports  results  of  similar  experiments  with  N15-1abeled 
/-aspartic  acid  in  infants.  For  comparison,  an  experiment  on  an  adult  with 
aspartic  acid  is included. 
EXPERIMENTAL 
In the experiment on the adult,  1.2 gm. of isotopic 1-aspartic acid containing 2.84 
m. eq. of N 15 was taken orally with about 300 cc. water. Urine was collected at con- 
venient intervals after feeding. 
The  experiments  in  infants  were performed  in  connection with  other metabolic 
studies. Weighed amounts of isotopic 1-aspartic  acid were mixed with milk (or other 
food) and fed to the infants.  The feeding bottles were rinsed with Some water and 
the  rinsings  were  fed.  Urine  was  collected  as  voided.  The  infants  were placed  on 
metabolic frames permitting the separate collection of urine and feces. 
With the exception of one infant,  who received 0.128  m.  eq.  of N 16 per kilo, all 
received about 0.17  m. eq.  N is per kilo. The amounts of N ~ given  to  infants were 
purposely made higher than that given to the adult, for the reason that the intake 
of N  per kilo is higher in infants. The isotopic 1-aspartic acid was prepared as previ- 
ously described (3).  It contained 29.7 atom per cent excess N 15. 
The nature of the dietary studies and the weight change of the infants at the time 
of the study are shown in Table I. 
The total N  and the N 15 concentration (that is ~-,  hereafter called the isotopic 
ratio) of the N  excreted in urine were determined in the usual manner (4).  The orig- 
inal data for irregular intervals were converted, by the method described in the pre- 
ceding paper, into data for equal intervals (3 hours), and these can be seen in Fig. 3. 
The isotopic ratio of N  (r)  and the amount of N Is excreted (~) for the adult and one 
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of the infants  (Mo) are shown in Figs.  1 and 2. The curves for infant Mo are typical 
of the group. 
Assuming that  the N J~ of sspartic acid is readily distributed  to other compounds 
in the N  pool, the rate of turnover of the N  pool was calculated from the rate of fall 
of r. Since r  was rising in the first few hours after feeding, only the data after 6 hours 
were  used.  Unless  otherwise  noted,  calculations  were made  for  the  period  6  to  30 
TABLE I 
Rate of Turnover of N, Rate of Protein Synthesis, and Size of N Pool in Infants and an Adult 
Sub- 
ject 
~O 
Wm 
Mc 
Eb 
Bi 
Zu 
R 
.•  Gain 
Diet  ~  loot 
J 
kg.  oz. 
l 
Normal  5.0 i  "{-  1 
"  4.9+4 
i 
A0  E  Ke  as  D  P 
Frac- 
Rate  Rate of  tion  of N  of K.  Rate of  Total 
excre- turnoVerof  N  due  protein  N in  D~.  Pkg.  I 
I tioa  to  synthesis  pool 
~  excre- 
t/on 
,..  /  / 
0.81  101  0.0665  0.445  126  3.41  25  0.68 
0.83  86  0.0820*0.253  254  4.15  52 
4 
"  5.0+2  0.85  118  0.0895  0.521  109  2.53  22 
Bs-defident  5.1 --5  0.83  87  0.0655* 0.449  107  2.96  21 
Tryptophane-  4.3--0.50.55  59  0.0860  0.339  115  2.02  27 
deficient  ] 
High protein  9.3-7  1.6q  284  0.119"  0.630  167  3.80  18 
Normal  64.4  2.81  470  D.0426"0.42~  633  25.9£  10 
, Remarks 
0.85  K, ffi 0.100  fol 
the  period  6- 
12  and  0.076~ 
for period  12- 
30 
0.51 Ka 
0.58  --- 0.097  fo~ 
period  6-12 
and  0.055  fox 
period 12-30 
0.47 
0.41  K~ =  0.144  fol 
period  9-18 
and  0.104  fol 
period 18-33 
0.40 Ke -- 0.0517 fox 
period  6-15 
and 0.0372  for 
period 15-30 
*  Weighted  average  for  a 24  hour  period  after  the  inflection  point  of  the  excretion  curve. 
hours  I  in  order  to  cover  a complete diurnal  cycle.  The rate  of turnover  of  N  and the 
=  ~(~t)  as de-  fraction (aQ  due to excretion were evaluated by plotting r against 
scribed in the preceding paper. 
1 After 30 hours,  r  has  usually fallen to such  a  low value that  it has  too large a 
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F*G. 1.  Concentration of N .5 (atom per cent excess)  in urinary N  of infant (Mo) 
and adult (R). 
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Flo. 2.  Amount of N 16 excreted, as per cent of the maximum. 
Maximum for Mo, arAo  -- 0.445  X 0.81  =  0.36 m. eq. 
R, a,,Ao  =  0.426 ×  2.81  =  1.20 m. eq. 
Having evaluated the rate of turnover (K,) of N  in the pool and the fraction 
(~z)  of this  rate  due to excretion,  the other fraction  (1  --  c~l)  due  to other 
processes is calculated from the relations: 
.g  D 
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where D  is the rate of removal of N  from the pool due to processes other than 
excretion, P  is  the  total amount of N  in the pool. The processes other than 
excretion may not all be protein synthesis, but  this probably represents the 
major portion. In the following discussion, D  will be considered as the rate of 
protein synthesis, although it would be more correct to speak of it simply as the 
rate of deposition of N. The value of P  can be calculated from the equation 
given above. 
The results of calculations are shown in Table I. 
DISCUSSION 
It will be noted that the inflection of the e curve in the infant experiments is 
much more marked than in the experiment with the adult (Fig. 2). The time of 
maximum r, which corresponds to the point of inflection, occurred in the adult 
about 2 hours after feeding. In the infants, it occurred much later, about 4 hours 
after feeding (Fig. 1).  The difference in the time of maximum r  between the 
the adult and the infants may be due in part to the manner of feeding. In the 
adult, the isotopic aspartic acid was taken by itself, while in the infant, it was 
mixed with food. Its rate of absorption may thus be lowered. 
The maximum value of r reached in the infants was also higher than that in 
the adult. This difference between the adult and the infants was due mainly to 
the difference in the amount of N 16 taken. 
In some of the infants  (Bi, Mo, Me)  the rate of turnover of N  was quite 
constant between 6 and 30 hours after feeding. In the other infants (Win, El, 
Zu) and the adult, the rate in the period 6 to 12 hours was generally higher than 
those which prevailed later (Fig. 3). 
This may be explained by the assumption that 6 to 12 hours after feeding, 
the N  of aspartic acid was not yet in complete equilibrium with other N  com- 
pounds in the pool. In most subjects K, had reached a constant value 12 hours 
after feeding, but in one subject  (Zu)  not until  18 hours after feeding.  This 
infant had the highest intake of N 15, and therefore, required the longest time 
for the aspartic acid N 15 to reach equilibrium with other N  compounds in the 
pool. 
However, it is interesting to note that in all those subjects who showed a 
change of K,, the change occurred between 12 to 18 hours after feeding. This 
corresponded to the time 10 p.m. to 4 a.m. in the night, as the time of feeding 
was at 10 a.m. This would suggest a diurnal variation of the rate of turnover, 
but further investigation is required. 
The average rate of turnover of N  was greater in  the infants  than  in  the 
adult. The rate of N 15 excretion in the adult in the present experiment was about 
the same as those reported by Sprinson and Rittenberg (1) and by White and 
Parson (2) with isotopic glycine. It may be concluded, therefore, that the rate 
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The rate of protein synthesis per kilo of body weight is also higher in  the 
infants. It will be noted that except in one subject (Win) the rate of protein 
synthesis per kilo in infants is about twice that in the adult. The exceptionally 
high rate of synthesis in infant Wm may be associated with its high rate of 
growth. 
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Fzc. 3.  Evaluation of K, and c~  B by plotting 100 r  against  100 ~(~).  The num- 
ber at the first point in each curve indicates  time. Subsequent points are spaced  3 
hours apart. For infant Zu, at 9 hours 100 r  =  0.312, 100 ~(~At)  --  2.87; at  33 
hours, 100 r  =  0.019 and  100 ~(~t)  -  5.02. These points  (not shown  in  Fig. 3) 
fall in line respectively with the upper and lower portions of the curve. The 6 hour 
point was not used because  it was too near the  inflection  point of the  100  z(~At) 
curve. 
In those infants who were not growing,  the rate of protein synthesis was 
equal to the rate of protein breakdown. In those infants who were growing, the 
rate of protein synthesis exceeded the rate of protein breakdown by  the  rate 
of N  gain. Infant (Win) gained 4 oz. (113 gin.) on the day of the experiment. 
If 1 kilo of  tissue is taken as equal to 25 gm. N, then the rate of N  gain was 
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and the rate of N gain was 141 rag. per hour and this was of the same order as 
the rate of protein synthesis or breakdown in those infants who were not grow- 
ing. This would suggest that growth is the result of a  higher rate of synthesis 
rather than a lower rate of breakdown. This, however, requires further investi- 
gation. 
The rate of protein synthesis seems to increase with the size of the N  pool 
per kilo of body weight. This is understandable from the standpoint of the mass 
action law. Those infants who were not gaining have about the same size of 
pool as the adult per kilo of body weight, while those who were gaining have on 
the average a much larger pool. 
It will be noted that the rate of turnover of the N pool is quite independent 
of the gain or loss of the body weight. The higher rate of turnover in infant 
Zu was probably due to the high protein diet. 
The concept of a  single metabolic pool for the whole body is obviously an 
oversimplification. From animal experiments (5) it is known that the rates of 
protein synthesis in different organs are quite different and so presumably are 
the rates of turnover of the N pools in individual organs. Vascular catheteriza- 
tion techniques may make it possible in the future to study the pools of individ- 
ual organs,  but the total turnover in  the body is what  can be  conveniently 
measured in man at the present time. 
S~ARY 
1./-Aspartic  acid  labeled  with  N  15  was  fed  to  one human  adult  and  six 
infants, and the total N  and N ~5 were determined in the urine from time to 
time. 
2. The N 15 concentration (or isotopic ratio) of urinary N reached its maximum 
in the adult about 2 hours and in the infants about 4 hours after feeding, then 
fell off logarithmically. 
3. Assuming that the N of aspartic acid readily entered into equilibrium with 
other N  compounds in the pool, the rate of turnover of the N  pool was calcu- 
lated from the rate of fall of the isotopic ratio of urinary N. This rate of turnover 
of N  was about 4 per cent per hour in the adult and 6 to 12 per cent per hour 
in the infants. 
4. The rate of protein synthesis calculated from the rate of turnover of N 
was 10 rag. N  per kilo per hour in the adult and 18 to 27 rag. N  per kilo per 
hour in the infants, with one exception which showed a  higher rate of 52 mg. 
N per kilo per hour. The size of the metabolic pool of N per kilo in non-growing 
infants was about the same as  that in the adult  (0.4 to 0.5  gm.)  but it was 
somewhat larger in growing infants (0.5 to 0.8 gin.). 
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